Pathophysiological mechanisms behind pain in chronic cervical musculoskeletal conditions (MSC) in office workers remain unclear. Chronic cervical pain has established links with temporomandi bular (TM) disorders. Yet there is no current published evidence to report whether individuals with cervical dysfunction exhibit altered masseter and cervical extensor (CE) muscle activity. Objective: To explore CE and masseter surface electromyographic (sEMG) activity and teeth clenching habits in females with chronic cervical dysfunction and no TM disorder. Design: Descriptive crosssectional correlational study with single blinding. Participants: University students and staff with or without chronic cervical pain and no TM involvement. Methods: Descriptive and pain data captured from Research Diagnostic Criteria for TM disorders, Neck Disability Index, Computer Usage, Brief Pain Inventory, and EuroQoL5D questionnaires. Female participants allocated to a chronic cervical (n = 20) and a control group (n = 22). Investigator blinded to the study groups recorded sEMG of bilateral masseter and CE muscles (C4/5 level) at rest and during light teeth clenching. Results: No differences in sociodemographic profile; or in masseter or CE sEMG activity at rest or during light clench between groups. The pain group had higher scores for pain, reported a daytime teeth clenching habit, and had worse scores for the health related quality of life (HRQoL) subsections for pain, anxiety/depression, and lower scores for perceived health status. Conclusion: No relationship established between cervicomandibular sEMG activity and reported disability in females with chronic cervical dysfunction and no TM disorder. Association between biopsychosocial factors of teeth clenching and anxiety/depression highlights complex pathophysiological mechanisms in chronic recurrent cervical pain.
least four recurrent episodes of cervical pain lasting three or more days in the past year. Chronic cervical MSC is a growing socioeconomic burden due to the severity, duration and recurrence of symptoms, particularly among sedentary office workers (Waersted et al 2010) .
Individuals with temporomandibular (TM) disorders have a 2.37 times increased risk for cervical pain (Catanzariti et al 2005) . Daytime teeth clenching, a component of bruxism, has been identified as a complex predisposing or perpetuating factor for TM disorders (Ciancaglini et al 2001) . There may be a potential impact of teeth clenching on the cervical spine in individuals with TM disorders (Catanzariti et al 2005) . Further, there intRODuctiOn Musculoskeletal pain conditions (MSC) of the spine are a burden in both developed and developing countries with the prevalence of cervical pain ranging from 12% to 80% (Haldeman et al 2009; Smuts 2008) . Those with chronic cervical pain report the presence of pain for at least three to six months in the past year, and may experience at may be relationships between the masseter and cervical muscles during teeth clenching in healthy participants (Tecco et al 2007) . However, a number of methodological limitations in pre vious studies, including the absence of screening for isolated TM or cervical disorders, limits the interpretation of these findings (Castroflorio et al 2008) . In addition, there is a lack of empirical evidence regarding muscle activity in the masseter and CE muscles and teeth clenching habits in individuals with cervical dysfunction only. Therefore, the aim of the current study was to explore cervicomandibular muscle activity and reported disability in females with chronic cervical MSC, with no reported symptoms of TM disorders.
MethODs
The study had a descriptive cross sectional design with singleblinding. A sample size of 40 participants (two groups of 20) was required. Sample size was calculated using differences in surface electromyographic (sEMG) levels of the CE in individuals with and without cervical pain (Johnston et al 2008) using a significance level of p < 0.05 and a power of 0.9, with a minimal detectable difference in sEMG activity of the CE of 1.3 ± 2.5 μV between groups.
Female students and staff from the University of Cape Town, with and without chronic cervical MSC, aged between 21 to 45 years were recruited for the study. Recruitment of volunteers through advertisement was followed by a telephonic consent and screening process. The telephonic screening pro cess identified those with and without chronic or chronic recurrent cervical pain and disability, based on specific questions from the Neck Disability Index (NDI) (Vernon and Mior 1991) . The screening procedure was also used to exclude volunteers based on specific TM questioning using the adapted Research Diagnostic Criteria for TMD History questionnaire (RDC/ TMD) (Dworkin and LeReche, 1992) . Exclusion criteria included the reporting of TM symptoms or a history of fracture, trauma or surgery to the mandibular or cervical area, a history of prosthodontic or orthodontic procedures, or removal of more than one tooth per quadrant (excluding third molars). Participants were also excluded if they were receiv ing any form of cervical treatment other than Schedule One or Two analgesics at the time of the study, or had general medical disorders such as fibromyalgia, myositis or myalgia. In addition, participants with a BMI greater than 30 kg.m 2 were excluded, due to the con founding influence of subcutaneous fat on sEMG (Nordander et al 2003) . Volunteers who fulfilled these criteria were invited to participate in the study.
All participants who were recruited by the initial telephonic screening process attended Groote Schuur Hospital, Cape Town where written informed consent was obtained. Ethical approval for the study was obtained from the Faculty the mandibular angle, with an inter electrode distance for the second masseter electrode of 2.5 cm above the first, measured from centre point to centre point. Electrode placement for the right and left CE muscles respectively was 1 cm lateral to the C4 and C5 spinous processes, with an interelectrode distance of 2 cm above the first (Cram and Kasman 1998) . Electrode cable fixation ensured lack of cable movement or tension during the recording. Recording took place over 10 s periods in two positions: a standardised sitting position at rest, and the position of first posterior tooth contact (the intercuspal position short of a light clench). Quality and mainte nance of the position at rest and of "first tooth contact" was achieved during a practice trial and recording periods, under supervision of the PI with the use of the sEMG signal on the Myotrace 400 screen. Maximum voluntary contraction values for each muscle group were performed for normalisation of sEMG data. These were done after the 10 s recordings, to avoid any influence on resting activity levels. Maximal resisted cervical extension for the superficial CE was performed against an air pressure sensor inflated to 20 mm Hg, with verbal encouragement for participant feedback.
statistical analYses
The ShapiroWilk test for normality was conducted to determine the distribution of the data. Data were analysed using the MannWhitney U and chisquared (χ 2 ) tests. Spearman correlation tests were performed to determine associations between variables. Secondary analyses were conducted using teeth clenching and anxiety/depression as grouping variables. Statistical significance was accepted as p < 0.05.
Results
Fortytwo participants were recruited for the study. Twenty participants formed the pain group and the control group consisted of 22 participants. There were no differences in sociodemographic characteristics (age, BMI, occupation, number of hours spent with computer related sitting, or number of hours involved in sports activities) between the pain and control groups (Table 1) .
of Health Sciences Human Research Ethics Committee of the University of Cape Town (HREC REF 316/2010). Participants were allocated a code to maintain blinding and asked to complete five questionnaires: the adapted RDC/ TMD History questionnaire (Dworkin and LeResche 1992) , the Neck Disability Index (NDI) (Vernon and Mior 1991) , the Computer Usage Questionnaire (CUQ) (Smith et al 2009) , the Brief Pain Inventory (BPI) (Cleeland and Ryan 1994) , and the EuroQoL5D (EQ5D) (Jelsma et al 2004) . The RDC/TMD was used as an instrument to confirm exclusion of a TM disorder, and to provide data on the presence or absence of a reported daytime parafunctional teeth clenching habit. The remaining four questionnaires were used to determine levels of cervical disability, as well as levels of occupational and sporting activity, painrelated disability and HRQoL. On completion of the questionnaires, the research assistant assigned participants to the pain or control groups dependent on NDI scores. Participants were allocated to the pain group if they were categorised with "mild disability" to "completely disabled" (5 -50 points) on the NDI, whereas participants were allocated to the control group if they were categorised with "no disability" (0 -4 points) on the NDI. All completed questionnaires were stored in a sealed opaque envelope by the research assistant and opened by the principle investigator (PI) only once the data for the entire study had been collected. The PI was blinded to the groups until all data were collected. The PI was unblinded for data analysis.
The Myotrace 400 sEMG recorder was used to determine muscle activity of the masseter and CE muscles. Participants were seated for testing in an allocated chair, which provided back support to scapular height, without head support. Four disposable Ag/AgCl circular elec trodes with a 0.8 cm diameter were applied to the right and left masseter and CE (superficial muscles of the splenius capitis and cervicis) muscles in parallel to the muscle fibre direction (Castroflorio et al 2008) .
Electrode placement for the superficial masseter was over the body of the muscle 2 cm anterior and 1 cm above There were no significant differences between groups in the masseter or CE muscle activity either at rest or during first posterior tooth contact (Table 2 and  Table 3 ) as well as in the rate of change over time in bilateral masseter or CE muscle activity during the 10 s of first posterior tooth contact.
The pain group reported signifi cantly higher levels of disability (U = 0; p < 0.01), pain (U = 50; p < 0.01), and a greater presence of daytime teeth clenching (χ 2 = 6.48; p < 0.01) ( Table 4) .
The pain group also had significantly worse scores for the HRQoL subsections of pain (χ 2 = 24.44; p < 0.01), and anxiety/depression (χ 2 = 7.82; p < 0.05), with a lower overall perceived health status (U = 129.50; p < 0.02) (Figure 1 ).
There were significant positive rela tionships between cervical disability and pain for the total sample (r s = 0.80; p < 0.05), the pain group (r s = 0.72; p < 0.05), and the control group (r s = 0.50; p < 0.05). There were significant inverse relationships between cervical disability and state of health for the total sample (r s = 0.35; p < 0.05) indicating that as cervical disability increased, state of health decreased. However, there were no significant relationships between cervical disability and state of health when groups were analysed separately.
Factors found to be significantly different between the experimental and control groups were used as grouping variables in a secondary analysis (Table  5 and Table 6 ). Firstly, the variable of daytime teeth clenching was used as a grouping variable to explore for differences in NDI, pain, HRQoL, and sEMG. Secondary analysis showed that participants who reported teeth clenching also reported higher levels of cervical disability (U = 104.50; p < 0.02), higher levels of pain and discomfort on the EQ5D index (χ 2 = 5.46; p < 0.02), and higher levels of anxiety/depression (χ 2 = 6.84; p < 0.01), compared to participants who did not report teeth clenching (Table 5) . No relationships were observed between the presence of teeth clenching and resting sEMG activity levels in the masseter and CE muscles respectively. Similarly, HRQoL was also used as a subgroup analysis variable to explore differences in NDI, pain, presence of teeth clenching, and sEMG. Secondary analysis showed that participants who reported experiencing anxiety/ depression on the HRQoL instrument reported higher levels of cervical disabi lity (U = 58.00; p < 0.01), higher levels of pain and discomfort on the EQ5D index (U = 54.00; p < 0.01), a lower perceived state of health (U = 62.00; p < 0.01), and a higher prevalence of teeth clenching habits (χ 2 = 6.84; p < 0.01) compared to participants who did not report anxiety/ depression (Table 6 ). However, no significant relationships were observed between anxiety/depression and resting sEMG activity levels in the masseter and CE muscles respectively.
DiscussiOn
Literature suggests that changes in resting sEMG levels and firing patterns may indicate potential underlying struc tural involvement associated with chronic cervical pain (De Sade 2011; Madeleine 2010). However, in this study there were no significant relationships between changes in sEMG activity levels and chronic cervical MSC. In this study, the absence of changes in resting CE sEMG activity in the pain group con curs with the results of a previous study of individuals with chronic MSC of the cervicalshoulder region (Madeleine 2010) . In contrast, Johnston et al (2008) showed an increase in resting sEMG CE activity in the presence of cervical painrelated disability. Tecco et al (2007) demonstrated the relationship between the masseter and CE muscles during experimental teeth clenching. It is possible that the differences may be due to differences in inclusion criteria. In the present study, participants included females with and without chronic cervical pain; whereas Tecco et al (2007) investigated changes in pain free participants only. In addition, many investigations did not normalise sEMG data (Tecco et al 2007; Svensson et al 2004) . These differences may potentially account for the dissimilar findings in current literature.
The relationships between cervical disability, the presence of teeth clench ing, and anxiety/depression that were observed in this study may indicate the presence of pathophysiological mechanisms associated with chronic recurrent cervical pain, which extend beyond the peripheral nociceptive system (Catanzariti et al 2005) . These interrelationships support the biopsychosocial model of pain, and contribute to the literature identifying the multiple factors that may contribute to chronic cervical pain through central sensitisation and central nervous system changes (Moseley 2003) .
In chronic pain, both the peripheral nociceptive and the central nonnoci ceptive systems generate and undergo physiological changes. This may lead to longterm alterations in the central nervous system, and further changes in pain and motor control output in the cortical pain neuromatrix (Loeser and Melzack 1999) . In addition, the brain is able to generate or augment pain in the absence of nociceptive input from the periphery or spinal cord (Loeser and Melzack 1999) . In the present study, somatic (peripheral nociceptive) input mechanisms for cervical pain were not excluded. However, no significant sEMG changes in the CE and masseter muscles were recorded suggesting no or minimal activation of the peripheral nociceptive system by these muscles. It is possible that the central nonnociceptive factors of cervical disability, teeth clenching habits and anxiety/depression may be contributing to the presence of chronic cervical pain.
Possible limitations of this study are related to the sEMG methodology. Despite careful placement of electrodes, possible cross talk between the super ficial erector spinae and the trapezius muscles may have influenced sEMG recordings (Castroflorio et al 2008) . In addition, the use of short duration time measures (10 seconds) for the recording of sEMG may also have minimised any differences in sEMG activity between the pain and control groups (De Sade 2011). In future studies, longer recording durations of approximately two minutes of sEMG activity are recommended (De Sade 2011).
cOnclusiOn
This study found no relationship be tween cervicomandibular muscle acti vity and reported disability in females with chronic cervical dysfunction and no TM disorder. However, the association of the biopsychosocial factors of teeth clenching behaviours and anxiety/ depression highlights the complex pathophysiological mechanisms found in chronic recurrent cervical pain. These findings reinforce the need for biopsychosocial assessment and management strategies in these patient groups. It is recommended that clinicians perform a comprehensive assessment of patients with chronic recurrent cervical pain incorporating the multifactorial nature of this condition. Clinicians should specifically consider the severity of cervical disability, the possible role of daytime teeth clenching behaviour, and the role of anxiety/depression in the assessment and management of chronic cervical pain. 
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